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ABSTRACTS 
The larvae of bothids were found to' be sparsely distributed in the Gulf 
of Thailand and South China Sea being only 11.9% in the Naga Expedition 
Collections. They were confined mostly to the coastal waters and were found 
in nearshore stations situated between Bangkok and Seigon. Their density 
was high in the Gulf of Thailand. The larvae seem to prefer darkness with 
greater incidence during April 16 to October 15 period, with a peak in the 
collections taken during April. This report includes the occurrence of 17 
species belonging to 6 genera collected from the Gulf of Thailand and South 
China Sea, along with their regional, seasonal as well as diurnal variations. 
Keywords : Bothid larvae, Gulf of Thailand, South China Sea, Naga 
Expedition 
INTRODUCTION 
The utilisation of the marine resources 
depends upon the knowledge, their 
distribution and abundance which vary 
with environmental characteristics of the 
ecosystem. The abundance and distribution 
of biotic community and their relationship 
to fisheries have been subjects of detailed 
investigation by several scientists over long 
periods of time. Any piece of additional or 
. 
new information emerging out of subsequent 
search are of crucial importance to 
formulate more viable economic policies for 
better management of the ecosystem. The 
parameters which have direct relationship 
with growth, reproduction, abundance and 
9.istribution of organisms vary depending 
on the topography, latitude, seasons and 
prevailing atmospheric conditions. 
The results of the present study are 
based on the collections of the N aga 
Expeditions organised for the exploration 
and exploitation of the vast resources of the 
Gulf of Thailand and the South China Sea 
which will have a salutary effect in 
improving the dietary requirements of the 
neighbouring populations. 
Fishes of the family Bothidae, regarded 
as more specialised than other families of 
flat fishes with diverse characters were 
studied by Norman (1934), Amaoka (1969, 
84), FAO, 1967, 74, 84, 94; Amaoka and 
Yamamoto (1984). Kyusin et al.} (1982) 
studied the fishes of te South China Sea. 
Studies on bothid larvae of the Western 
Pacific are fragmentary and incomplete. 
Inspite of the several studies over long 
periods, the early development of bothid 
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larvae is still incompletely understood and 
the generic characters are inconsistent 
between authors. Uchida, 1936; Kuronuma, 
1942; Ochiai and Amaoka, 1963; Amaoka, 
1964, 70, 71, 72, 73, 7 4, 76, 79; Futch, 
1977;0zawa and Fukui, 1986; Tsukamoto 
et al., 1991; Fukui, 1997 have studied the 
development and distribution of the larvae 
of bothid flat fishes of the Western North 
Pacific off Southern Japan. 
MATERIAL AND METHODS 
Fish larvae collected during the N aga 
Expedition on board R.V. Stranger ofthe 
Scripps Institute ofOceanographyfrom Gulf 
of Thailand and South China Sea formed 
the material for this presentation. TheN aga 
Expedition organised by the United States 
of America during 1959-61 was a co-
operative venture of the Government of the 
United States of America, Thailand and 
South VietNam. 
Zooplankton was sampled by a 1m 
circular net having 0.3mm mesh size. 
Oblique plankton hauls were taken from 
200mm wherever depth of the water column 
permitted, 2m Stramin net and Marotoku 
plankton net were also employed. ATSK 
flow meter determined volume of water 
filtered. Zooplankton volume was measured 
by displacement method for each sample 
taken on cruises SI through SIO and was 
standardized to 1000m3 ofwater strained. 
The flat fish larvae were sorted out and 
studied in detail. The distribution and 
relative abundance ofl'arvae are represented 
through charts. While preparing the data 
for c:listribution and abundance, the samples 
were compared on the basis of number per 
1000m3 ofwater filtered and represented 
by selected notations according to the 
different grades of density. The grades of 
density selected are 1-5, 6-10, 11-20,21-40, 
41-80 and above 80. Whenever the number 
oflarvae, in the N aga samples could not be 
assessed, only their presence is indicated. 
These were included in describing seasonal 
as well as day and night variation but not 
indicated separately in the chart. The 
distribution and abundance of flat fish 
larvae were studied during Oct. 16 to April 
15 (comparing toNE monsoon of Indian 
Ocean) and April16 to October 15 (equal to 
SW monsoon of Indian Ocean) in accordance 
with the monsoon of the Indian Ocean. 
Similarly to assess the day and night 
differences, samples taken during 0600 to 
1800 hours were pooled for the day and the 
other half for night. Graphs representing 
the relationship of bothid larvae to 
zooplankton biomass (displacement volume) 
and average number oflarvae per 1000m3 
are presented. 
RESULTS 
The larvae ofbothids were found to be 
sparsely distributed in the South China 
Sea whereas they were seen in good 
numbers in the Gulf of Thailand. The 
larvae occurred in the plankton samples in 
135 out of1136 stations (11.88%) sampled 
during the Naga Expedition (Fig.l). Of these 
1136 stations only 580 stations were 
considered for studying the quantitative 
abundance of the bothid larvae because at 
the other stations, the sampling gears and 
techniques employed were different and the 
quantity of water filtered during sampling 
was not available. Out of the 580 
quantitative samples b0thid larvae were 
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Fig. 1 : Seasonal and diurnal variations of bothid larvae in the Gulf of Thailand and 
South China Sea. 
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found only in the samples taken from 82 
stations. Of these, 13 stations contained 
larvae up to 5/1000m3, 15 station 6-10, 17 
stations 11-20, 19 stations 21-40 and 13 
stations 41-80. Five stations contained more 
than 81larvae (Table 1) and the maximum 
number 270 was found only at one station. 
The larvae were confined mostly to the 
coastal waters. They were found in the 
nearshore stations situated between 
Bangkok and Seigon. The maximum 
number of 270 larvae were recorded at 
night from a station situated at 10° 13' N 
lat. and 99° 51'E long. where the depth was 
only 43. 7m, the temperature, salinity and 
dissolved oxygen ranged between 30.37-
30.740 C, 32.55-32.76%o and4.15-4.34ppm 
respectively. The zooplankton biomass was 
241 ml/1000m3. From the data it is seen 
that the diversity of distribution was more 
in the Gulf of Thailand than in the South 
China Sea. The hydrographical conditions 
ofthe majority of the stations having 21-40 
larvae per 1000m 3 ranged from 22.73-31 °C., 
31.53-34.50%o and 2.10-5.10 ml/ 
respectively. 
It would appear that the karvae prefer 
darkness as they were noted in 95/135 
stations collected during night (Fig. 1). 
They were also abundant during April16 
· to October 15, corresponding to the south-
west monsoon period in the Indian Ocean, 
with the highest average number in August 
(41.4) and the lowest in September (2.0), 
but showed regional difference (Fig.2) The 
density of 21-40 larvae had the highest 
frequencyin the GulfofThailand where as 
in the South China Sea not much difference 
was observed between density and frequency 
but the highest density was not found in 
South Chine Sea (Table 1). 
Direct relationship between the volume 
of plankton and number oflarvae was not 
observed. In the Gulf of Thailand a 
maximum density of 270 larvae/1000m3 
was recorded from a zooplankton biomass 
of241ml/1000m3. Densities of138 and 135 
from a biomass of 619 ml/1000m3 and 
418ml/1000m3 respectively, but in the 
South China Sea the maximum density 
was only 78 (Fig. 3a & b). 
Table 1: Relationship between number ofbothid larvae I 1000m3 and 
frequency of occurance. 
Class intervals Frequency of occurance Total 
Gulf ofThailand South China 
1-5 9 4 13 
6-10 12 3 15 
11-20 14 3 17 
21-40 15 4 19 
41-80 10 3 13 
Above81 5 0 5 
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Fig. 2: Monthly variation ofbothid larvae in different water bodies. 
58 
eo 
!<) -70 E 
0 
0 
0 
0::: 
IJJ 
ll.. 
IJJ 
~ 
a: 
<t 
..J 3 
LL 
0 
0 20 z 
10 
eo 
ffi!S 
0... 
w40 ~ 
0:: 
:3 oo 
IJ... 
020 
. 
0 
z 
• 
• 
LALITHAMBIKA DEVI 
SOUTH CHINA SEA 
011 
• 
Ill 
• 
100 200 300 
BIOMASS ML PER IOOOm3 
GULF OF THA,LAND 
•270 
I 
1111 
II 
• 
4 
• 
• • 
• 
• • 
• 
• 
1111 
Qll 
el38 
•• ) Ill 
• 
..... Ill fill 
Ill • 
' ... o~r-r-r-~~~~~~~~~~~~~~~~~ 
0 250 500 750 1000 1330 
BIOMASS M L PER 1000 m3 
Fig. 3 : Bothid larvae in relation to zooplankton biomass in A) South China Sea. B) 
Gulf of Thailand. 
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Even though 23 species belonging to 9 
genera of larvae of bothids were recorded 
from the Indian Ocean (Lalithambika Devi, 
1999) only 17 coming under 6 genera were 
present in the Gulf of Thailand and the 
South China Sea. Their total number and 
frequency of occurrence are given in Table 
2. Based on the density and regional 
preference of each group, four types of 
distribution pattern could be recognised. 
(Figs. 4-9). 
a) Gulf of Thailand (mostly) 
Psettina brevitictis (Alcock, 1890), P. 
iijimae (Jordan and Starks, 1904). Figs. 
4&5). 
b) Coastal or nearshore 
Engyprosopon grandisquamis. 
(Temminck and Schlegel,1846) (Fig.6). 
· c) Scattered 
Engyprosopon cocosensis (Bleeker, 
1855), E.latifrons (Regan, 1908), 
Arnoglossus tapeinosoma (Bleeker, 
1866) (Figs. 6&7). 
Table 2 - Larvae of Bothid species, total number and frequency of occurance. 
Species Gulf ofThailand South China Sea 
*TN * FO TN FO 
1. Crossorhombus valde-rostratus 0 0 2 1 
2. C. azureus 0 0 4 1 
3. Engyprosopon cocosensis 15 1 27 5 
4. E. latifrons 91 5 82 6 
5. E. mogkii + - 2 1 
6. E. grandisquamis 166 15 52 8 
7. E. sechellensis 0 0 8 3 
8. E. multisquama 10 2 15 4 
9. E. xenandrus 0 0 4 1 
10. Bothus myriaster 0 0 + -
11. B. pantheri17,us 3 1 16 2 
12. Psettina iijimae 802 31 14 3 
13. P. brevirictis 953 35 99 3 
14. Arnoglossus tapeinosoma 20 7 41 7 
15. A. aspilos aspilos 0 0 3 1 
16. A. elonagatus 6 1 9 2 
17. Laeopsmacrophthalmus + - 0 0 
*TN= Total Number, F 0 =Frequency of occurrence 
60 LALITHAMBIKA DEVI 
<! 
w 
(/) 
<! 
0 z 
:r: 
(.) 
I 
!-
:J 
0 (.f) 
0 
z 
<! 
0 
z 
ct: 
_.1.. 
0 <( 
I 
!-
LL 
0 
.. lL. 
• 
-' ~ 
0 (!) 
• 
• )C 
Fig. 4 : Distribution of Psettina brevirictis 
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Fig. 5 : Distribution of Psettina iijimae. 
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Fig. 6 : Distribution of Engyprosopon gandisquamis and E. cocosensis 
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Fig. 7 : Distribution of Engypropsopon latifrons and Arnoglossus tapeinosoma. 
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d) Rare 
Crossorhombus valde - rostratus 
(Alcock, 1890), C.azureus (Alcock, 
1889), Engyprosopon sechellensis 
(Regan, 1908), E.multisquama, 
Amaoka, 1963. E.mogkii (Bleeker, 
1854), E.xenandrus Gilbert, 1905, 
Bothus myriaster (Temminck and 
Schlegel, 1846), B.pantherinus (Ruppell, 
1830-31), Arnoglossus aspilos aspilos 
(Bleeker, 1851), A. elongatus, Weber, 
1913,Laeops macrophthalmus (Alcock, 
1889) (Figs. 8&9) 
In the N aga Expedition samples, the 
most abundant group was Psettina 
brevirictis contributing 43.03% of the total 
larval population followed by P. iijimae 
having 33.37%. Larvae of Engyprosopon 
grandisquamis though ranks third has only 
8.92% followed by E.latifrons (7.07%). 
Arnoglossus tapeinosoma and 
Engyprosopon cocosensis contributing to 
2.49 and 1. 72% respectively. The remaining 
11 species together forms only 3.4% 
suggesting their sparse occurrence. The 
species represented in the Gulf of Thailand 
and South China Sea were 11 and 17 
respectively but the density was higher in 
Gulf and were respectively 84.53 & 15.47% 
in the Gulf of Thailand and South China 
Sea. 
Table 3 - Seasonal, day and night variation of larvae of Bothid flat fishes. 
~othidlarvae GulfofThailand SouthChinaSea GulfofThailand South ChinaSea 
April-Oct. Oct.-April April-Oct. Oct.-April Dw Night Dw Night 
Engyprosopon cocosensis 15 0 27 + 15 0 9 18 
E.latifrons 70 21 82 + 7 84 25 57 
E. mogkii 0 + 2 0 0 + 0 2 
E. grandisquamis 113 53 41 11 67 99 18 34 
E. se.chellensis 0 0 8 + 0 0 4 4 
E. multisquama 10 0 15 0 10 0 5 10 
E. xenandrus 0 0 4 + 0 0 0 4 
Psettina iijimae 547 255 14 0 402 400 12 2 
P. brevirictis 659 294 31 68 142 811 36 63 
Crossorhombus azureus 0 0 4 0 0 0 0 4 
C. valde-rostratus 0 0 3 0 0 0 2 0 
Amoglossus aspilos aspilos 0 0 3 6 0 0 0 3 
A. elonagatus 6 0 36 5 0 6 0 9 
A. tapeinosoma 9 11 6 0 10 10 21 20 
Bothus pantherinus 0 3 1 + 3 0 10 0 
B. myriaster 0 0 0 + 0 0 0 + 
Laeops macrophthalmus 0 + 0 0 0 + 0 0 
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Fig. 8 : Distribution of Engyprosopon sechellensis, E. multisquama, E. 
mogkii, E. xenandrus, Bothus myriaster and B. pantherinus. 
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Seasonal variation : 
In <;>rder to study the effect of seasonal 
variation in the distribution and abundance, 
the zooplankton samples collected during 
different years of theN aga Expedition were 
pooled together and examined. Data were 
segregated into two seasons corresonding 
to the monsoon seasons of the Indian Ocean. 
The total number of bothid larvae 
contained in the zooplankton samples 
collected from the Indian Ocean was only 
2486. Ofthis 70.7%were collected from 54 
stations during April16 to October 15 period 
corresponding to the SW monsoon period of 
the Indian Ocean (Fig.1). 
In the Gulf of Thailand, 69.2% of the 
larvae were from 603% of the stations 
during April16 to October 15 period where 
as in the South China Sea, 75.7% of the 
larvae present in 82.4% of the stations 
during the above period. In general it may 
be noted that there was a preponderance of 
bothid larvae during April16 to October 15 
period. Psettina brevirictis and P. iijimae 
the two dominant species of the Gulf of 
Thailand though found to occur in both 
seasons a preference was discernible during 
April 16 to October 15 period (Table 3). 
Engyprosopon cocosensis, E. latifrons, E. 
grandiquamis also showed the same trend 
where anEngyprosopon multisquama was 
found only during April to October period 
at both places. 
Distribution of bothid larvae during 
day and night : 
A detailed analysis of the data showed 
that 69.3% of the bothid larvae from the 
Gulf of Thailand were confined to 55.5% of 
the plankton samples taken during night 
(Fig .1). The larvae of Engyprosopon mogkii 
and Arnoglossus elongatus were present 
only during night and E. cocosensis, E. 
multisquama and Bothus pantherinus 
during day. Engyprosopon latifrons, E. 
grandisquamis, Psettina brevirictis though 
found both during day and night apparently 
showed a preference for day time. Psetiina 
iijimae and Arnoglossus tapeinosoma 
appears to have no such preference in the 
Gulf waters (Table 3). 
In the South China Sea 62.4% of the 
larvae from 52.9% of stations were found 
occurring in the plankton samples taken 
at night. Engyprosopon mogkii, E. 
xenandrus, Crossorhombus azureus, 
Arnoglossus aspilos aspilos, A. elongatus 
and Bothus myriaster were noticed only 
during night. Crossorbhombus 
valderostratus and B.pantherius occurred 
during day. Engyprosopon cocosensis. E. 
latifrons, E. grandisquamis, E. 
multisquama, Psettina brevirictis and 
Arnoglossus tapeinosoma though found in 
the samples of day and night showed decided 
preference to darkness, Psettina iijimae 
was photo positive while Engyprosopon 
sechellensis did not show any preference at 
all. 
In general, Engyprospon latifrons, E. 
grandisquamis, Psettina brevirictis and 
ArnogZossus tapeinosoma showed 
preference to darkness, irrespective of the 
area of collection. All other species exhibited 
different degree of preference to day or night 
in different regions. This may be due to the 
ecological factors prevailing in such regions 
which may have influence in their growth 
and distribution. 
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DISCUSSION 
The results reported in the study are 
likely to assist in delineating the spawning 
grounds and seasons which may provide 
the data for the stock assessment and 
management of the bothid fishery resources. 
According to Me Laron (1963) the 
adaptive value of vertical migration may 
depend upon the lower temperature 
generally found in deeper waters. Me Alister 
(1969) suggested that vertical migration 
may give additional advantage for better 
utilisation of growth potential of the 
zooplankton as well as permitting the 
unimpeded growth of plant during day light 
hours. The fish larvae also behave in the 
same manner as many other planktonic 
organisms in their diel variation. Several 
authors have reported a preponderance of 
fish larvae in the collections taken during 
night compared to day samples (Silliman 
' 
1943, Ahlstrom, 1954, 59 & 71, Bridger, 
1956, Schnack and Hempel, 1970, Silas, 
1974, Peter, 1969, 82 and Lalithambika 
Devi 1977, 1986; 1999). Peter (1969) & 
Lalithambika Devi (1986; 1999) observed 
that the larval maxima was not positively 
correlated with samples oflarger biomass, 
but from samples which were neither high 
nor low. In the case ofbothid larvae there 
was no correlation between the number 
and zooplankton biomass. 
Even though fish larvae are capable of 
free swimming, and to some extent they 
can resist water movements but not with 
strong currents. The effect and pattern of 
the prevailing current is one of the 
important factors that decides the 
distribution of the larvae. 
The abundance ofbothid larvae in the 
Gulf of Thailand compared to the South 
China Sea may be due to the protected 
conditions of the Gulf which may be 
favourable (conducive) for the growth and 
propagation of the bothid flat fishes. Adults 
may also be inhabitants of that area and 
spawning might be taking place in the 
Gulf waters. The uneven distribution of 
larvae could also be due to the tendency of 
adult fishes for protracted breeding as well 
as availability of food. 
Engyprosopon latifrons, E. 
grandisquamis, E. multisquama, Psettina 
brevirictis and Arnoglossus tapeinosoma 
exhibited preference to darkness 
' 
irrespective of the area of collections. All 
other species exhibited different degrees of 
preference to day or night in different 
regions. These species (exceptP.brevirictis) 
showed the same preference in the Indian 
Ocean also (Lalithambika Devi, 1999). This 
may be attributed to the ecological factors 
prevailing in such regions. The fish larvae 
being the least protected member of the 
plankton community fall an easy prey to 
the predators. This may also contribute to 
their low density together with natural 
mortality. 
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